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SOUTHERN OCEAN ROLE IN GLOBAL CARBON CYCLE

~30% of global surface ocean area
~50% of global oceanic uptake of anthropogenic CO,

Cumulative anthropogenic CO, uptake (mol m2) Mean 1982-201 1 air-sea CO, flux (mol m2y')

1870—-1995 in a subset of CMIP5 models o based on observations
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Undersampling of pCO,

Months of year with surface pCO, measurements based on all
measurements between 1970 to 2011 binned in 1° squares.
White = no data L
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Bakker et al. (2014)



Observations of the Southern Ocean

New: BiOgeOChemical SOCCOM Floats in White 0°
- Pre-SOCCOM Floats in Yellow
Profiling Floats (SOCCOM) Non-op. Floats in Cya
03-Nov-2018 ¢

SOCCOM floats ()
Pre-SOCCOM floats ()

Non-operational floats O 44 :
0
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+ Outgassing
— Uptake

FLOAT-BASED AIR-SEA CO, FLUX
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+ Qutgassing

ANNUAL NET AIR-SEA CO, FLUX _ Uptake

— Float estimate = =—Tak09 ++- GCB17

Mean (mol m2y')
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Average global
anthropogenic CO, uptake:
-0.46 + 0.14 mol m2 y'!
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Air-sea carbon flux from floats 0s{ B | P2
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B tak09 [ Float estimate, annual mean
I GCB17 1 Float estimate, summer mean
0 Float estimate, winter mean
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Ekman upwelling velocity (10 m s)

In the high-latitude ASZ, monthly mean AGU 100, A
float-based fluxes diverge substantially from | geophysical Research Letters '

Sh | p-ba Sed ﬂ UxeS'. Th € ﬂ oats eXh ! b it mu Ch RESEARCH LETTER Autonomous Biogeochemical Floats Detect Significant Carbon
stro nger o UtgaSSI ng in the autumn and 10:1029/20186L078013 Dioxide Outgassing in the High-Latitude Southern Ocean

Key Points:

W| nte ran d muc h | ess u pta ke | n th e summer. - Measurements from biogeochemical Alison R. Gray' ", Kenneth S. Johnson?' "/, Seth M. Bushinsky® "/, Stephen C. Riser' ",

profiling floats were used to estimate
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Sea to Air CO, Flux
(gC/m?2/yr)

Red is outgassing,
Blue is uptake

Zonal-mean Flux
(gC/m2/yr)

A) Takahashi 2009
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B) B-SOSE

Observed (Takahashi, 2009/
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Zonal Wind Stress
(N/m?2, Annual Mean)

Purple (positive) is
clockwise (westerlies)

All the simulations have
their strongest mean
winds in the South
Pacific sector (around
Kerguelen), but each has .|
its peak winds too far
equatorward
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Metrics Paper
@JAGU PUBLICATIONS

Journal of Geophysical Research: Oceans

RESEARCH ARTICLE
10.1002/2017JC013461

Special Section:

The Southern Ocean Carbon
and Climate Observations and
Modeling (SOCCOM) Project:
Technologies, Methods, and
Early Results

Key Points:

« Observationally based metrics are
essential for assessing, comparing,
and improving the heat and carbon
cycles in climate simulations

« Metrics included here assess winds and
heat and carbon uptake, ACC transport,
sea ice extent, frontal positions, and pH

« Ocean heat and carbon uptake are
strongly correlated in models and
observations

&

Metrics for the Evaluation of the Southern Ocean in Coupled
Climate Models and Earth System Models
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Goals: 1) Grow the community using observations
to evaluate climate simulations
2) Antarctic & SO metrics for ESMValTool

#GreatAntarcticClimateHack was held October 9-12, 2017 at the Scripps Institution of Oceanography Forum, La Jolla,
CA. Ouir first-ever Climate Hack focused on bringing Antarctic and Southern Ocean observations to bear on evaluating
the latest generation of climate and earth system models, to produce new climate model metrics for the 215t century.

The #GreatAntarcticClimateHack brought observational and simulation scientists together to use observational
datasets to interrogate CMIP model results, thereby creating new model metrics and validation tools. The aim of the
workshop was to facilitate preparation for the next IPCC report for a much broader science community, increase non-
traditional climate modeling publications, and learn to apply/utilize data sets that help develop model validation skills.

http://www.scar.org/antclim21/climatehack




Shared I\/Ietrlcs ESI\/IVaITooI

N ESMValTool

\ :’? =Earth System Model evValuation Tool
"’

s

The Earth System Model eValuation Tool (ESMValTool) is a community diagnostics
and performance metrics tool for the evaluation of Earth System Models
(ESMs) that allows for routine comparison of single or multiple models, either
against predecessor versions or against observations. Priority has been to focus on
selected Essential Climate Variables, a range of known systematic biases common to
ESMs, such as coupled tropical climate variability, monsoons, Southern Ocean
processes, continental dry biases and soil hydrology-climate interactions, as well as

atmospheric CO, budgets, tropospheric and stratospheric ozone, and tropospheric
aerosols.

https://www.esmvaltool.org/



SOM'P SOMIP: The Global Warming Bllndspot
3 EXPERII\/IENTS of 300 years (up to 900 if able) :

MELT: An experiment where the stability of the @ @’i

Southern Ocean is changed via an external source

of fresh water (so-called water hosing). ﬂ{\
Implications: 1 run (100-300 years). Proposal: MELT & WIND
WINDS: An experiment that increases the winds perturbations

over the Southern Ocean and shifts them s
poleward. Implications: 1 run (100-300 years). 1 T -
BOTH: An experiment that will use both the {? ou
increased wind forcing and water hosing described @r\J
above. Implications: 1 run (100-300 years). g L



SOCCOM

Change in future climate due to Antarctic ice melt

@( @' @/ {;5} Ben Bronselaer, Michael Winton, Stephen Griffies, Keith Rodgers, Bill

Hurlin, Olga Sergienko, Ronald Stouffer and Joellen Russell



Results from Melt experiments LYl

global rate of warming;
Reduced global .
warming mezshit: - Date of 1.5°C warming
delayed by ~15 years

e Seaice area around
isopycnals Seaioe expansion Antarctica increases by

25% by ~2045

~ - ’ e Freshwater-induced
Ice Sheet M€ Wa rming at 400m

increased by 4x; Ideally
located to induce further

Caveats: ¢ Only one model, other models’ sensitivity to freshwater forcing will vary . .
¢ |dealized freshwater forcing suitable for general climate signal, not for basal melti ﬂg Vid

regional sea-ice trends ISO pyCﬂa| tra I’]SpOI’t

(southernocean.arizona.edu/SOMIP) Bronselaer et al. (Nature, in press)



Nations Unies
Conférence sur les Changements Climatiques 2015
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Two Methods for Estimating Emissions

Bottom-Up Top-Down

UNFCCC National Inventories Tracer-transport Inversion

» Estimates anthropogenic emissions » Estimates net anthropogenic and
and removals (sinks) natural sources and sinks

» Based on socio-economic statistics » Based on atmospheric and/or

oceanic measurements of the gases

* SELF-REPORTED and models of air and water flow

SOCCOM Project



Fate of Anthropogenic CO, Emissions
2005-14 average

Partitioning

16.0+0.4 GtCO,/yr

44%

Sources

33.0+1.6 GtCO,/yr

91%

9.5+1.8 GtCO,/yr

26%
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Calculated as the residual of
all other flux components.

Source: CDIAC; NOAA-ESRL; Houghton et al 2012; Giglio et al 2013; Le Quéré et al 2015; Global Carbon Budget 2015



Atmosphere + Ocean = Land
Where Land = (Emissions + Land Use Change - Vegetation)
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Land Use Vegetation

o

Atmosphere Emissions

Reducing uncertainties in the
ocean sink can reduce the total
uncertainty in the global
constraint on the carbon budget,
particularly in the tropics

Source: CDIAC; NOAA-ESRL; Houghton et al 2012; Giglio et al 2013; Le Quéré et al 2015; Global Carbon Budget 2015
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Workshop on:
Planning a Global
BioGeoChemical-Argo

Network
Villefranche-sur-Mer,
11-13 January 2016

Draft implementation plan
published
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Villefranche sur-mer, 12 January 2016 l HI u

Biogeochemical-Argo Network - Group photo
Courtesy - K. Johnson




What do we get from a Global BGC-Argo
Array?

A transformative shift from reactive to proactive management of marine
resources and an expansion of the Blue Economy

a  We observe the current state of the ocean’s productivity and health

» We use data assimilation to produce a 4-D real-time estimate of the
physical, chemical and biological conditions supporting marine
productivity and marine ecosystems

o We contribute to the improvement of short-term predictions and long-
term projections, and these data can be immediately transferred to
marine resource managers, scientists, and the public



Successes of SOCCOM

a)

b)

The successful deployment, calibration and real-time data management
of the SOCCOM BGC float array in the Southern Ocean should be
considered as a successful, large pilot program for the global array

The successful assimilation of BGC parameters into the state estimate
(B-SOSE) demonstrates that we can assess marine resources and
marine productivity in near real time

Successful use of SOCCOM data w/ Earth System Model simulations has
already identified new feedbacks in the climate system and has led to a

reduction in the uncertainty associated with short-term predictions and
longer-term projections



Ready to deploy BGC-Argo globally

a)

b)

BGC-sensored Argo floats are available commercially

Floats are now proven successful for the long-term deployments
necessary to create a global array, and real-time public data availability
as part of Argo data management is in place

Global BGC data are needed for assimilation into state estimates to
provide fisheries and ecosystem managers around the world the
information they need to adjust fishing levels and locations, conserve
habitats, and reduce threats in time to make a difference as the ocean
changes, both from natural variation and from climate change
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PI: Dr. David Long, BYU
DPI: Dr. Joellen Russell, UA

Budget

BYL

UA CU/I

ASP UCSC UCSD Rutgers JPL Ball Tendeg
A Process-Study Investigation to Quantify Coastal Oceanic Carbon

Flux using Surface Vector Wind Fields and High Resolution Models

Investigation Overview —
Zephyr is a small, low-cost scatter-
ometer suitable for fight on a
SmaliSat. An innor useofa
well-proven technique, Zephyr wil
produce groundbreaking wind vector
datasets over critical coastal areas
at unprecedented temporal and
spatial resolutions.

The team is led by PI Or. David
Long, BYU, who for over 30 years
has been at the forefront of
scatterometry system engineering
and science, from NASA's QuikSCAT
1o ESA's ASCAT.

'Controlson
Gas Exchange

He is joined by Dr. Joellen Russell
UA, a leader in Earth System
Modeling and a science team
focused on assimilating Zephyr data
into high resolution models to
quantitatively assess coastal air-sea
carbon exchange.

‘Why Ocean Winds are Key —

NCEP wm:!s Mean = -2.1159, ERAS winds, Mean = -3.119
RMS = 2.4819 RMS = 39747
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Prefiminary OSSES of carbon flux state estimates for the California Current Rtglon suggest
adding the high spatial and temporal resolution Zephyr wind data to the modeis significantly
improves their ability to capture the real amplitude and variability (not shown) of air-sea carbon
flux in coastal domains

Use Zephyr high spatial and temporal surface vector wind measurements to improve
computations of air-sea carbon flux in the coastal ocean

+ Improve coastal ocean carbon flux estimates in data assimilative dynamical-BGC model
calculations for selected coastal ocean domains, as well as in a coarser resolution global “data
assimilative dynamical-BGC model", using carbon fluxes generated from Objective 1

Combine high resolution coastal assimilations from Objective 2 with global 1/3° assimilatons to
construct a global carbon flux state estimate

hat

Use or disclosure of information on this sheet is subject to the restrictions identifi

+ First high-resolution, coastal zone investigation to st
exchange and ocean surface winds

+ Specifically addresses key questions from the 2017 ESAS, inclu

y the interaction between carbon

ing

Improve the estimates of global air-sea fluxes of heat, momentum, water
vapor and other gases, like carbon and methane

+ Fulfils critical parts of the Aquatic Biogeochemistry and Ocean Surface Winds and
Currents Targeted Observables

Instrument & Key Characteristics

KaTENna
Assembly

Feed Homn
(2X)

Rotary System
Assembly LR
~——— Waveguide -

Rotary Joint

~—— Rotary Drive

Dl Assembly

Zephyr deployed

-

Rotary
Assembly «
Latch

Zephyr stowed
on SmaliSat
(ESPA compatible)

Acronyms
- Transceiver Electronic Subsystem
rc° Frequency Convertor Subsystem

BSS - Duplexing Beamswitching Subsystem
cpos Comman

Ra

Power and Data Subsystem

Parameter Value.
Orbitaltitude 550 km 50 km resolution
Crbit inclination  Sun-synch rocessed data)

Instrument
Parameter

Value

25km

Orbit ascending 3:00 pm 1 hr Antenna spin rate 18 RPM

node time Swath width 1200 km

Instrument mass 65.5 kg Frequency 13.4 20,05 GHz
Instrument orbit  98.5 W (science orbit] Transmit power 2W

average power  61.0 W (non-operating orbit) (at antenna)

Instrument Stowed: 0.45 x 0.49 x 0.71 m Beam angles and 48° off-nadir
volume Deployed: 1.35x1.26 x 1.84mM  Chirp bandwidth 250 kHz

Instrument peak 52 kbps Pulse repetition 187 Hz

data rate frequency

Pointing control 0.1 deg, 10 Puise length 1.5 msec

required - Loopback and noise
Pointing 0.025 deg, 10 calibration

gain and Tx power

knowledge req'd on the ground,

d in Section A of this proposal

). .2
Investigation Management e —————

Institutional Advisory Board - - -

NNH17ZDA0040-EVIS
Zephyr

Zephyr
PI: David Long, BYU

Project Managy

Science Team
DPI: Joellen Russell, UA

ement

PM: Chuck Feliows, UA

r
Systems Engineering
UA

]
Safety & Mission Assurance
UA

r T

T 1
3 e Mission Science Data
Payload Ground System Operations Processing
Ball UA riry 7
Antenna Operations Center
Tendeg CULASP
Participating Organ; ons

Instrument Development

Pl Institution, Mission and

Instrument Science

tigation Leadersh ¥

Calbration, L1 -L3 Sucnce

Data Processing

Project Manageme
Engineering, SEMA, D
Archive an ibutior

Dis!

Instrument Science

loya
TENDEG ac“’ °°’3“°"”

Mission and Instrument
BNLASP gperations Center

nt, Systems

ata

Flight Instrument Development
AI&T, Sustaining Engineering

and AI&T

David Long. PI BYU
Joellen Russell, DPI UA

Paul Gocdman, Co-| UA
Matthias Morfzeld, Col...... UA
Andrew Moore, Co-1 ucsc
Chris Edwards, Co-1. ucsc
Jerome Fletcher, Co-| ucsc
Matthew Mazioff, Co-| ucsoIsIo
Emesto Rodriguez, Co-l...... JPL

ule & Cost Summary

UA u.mo-«mp Earth System Model
EDO (ESM) Evaluation, Applications POC
L4 Products
BioGeoChemical (BGC) Flux
UCSC Calculation and Analyses in the
California Current System (CCS|
UCSD  Regional and Global Data
SIO  Assimilation and State Estimation
BioGeoChemical (BGC) Flux
Rutgers Calculations and Analyses in the
Middle Atlantic Bight (MAB)
Instrument Science, Carbon Flux
CU  Calulations and Analyses in the
Antarctic Circumpolar Current (ACC)
JPL  Calibration and Validation Lead

——

Oscar Schofield, Co-l. Rutgers
Enrique Curchitser, Co-1 Rutgers
Scott Glenn, Co-|. Rutgers
Javier Zavala-Garay Co- Rutgers
Ralph Millf, Co-1 cu
Nicole Lovenduski, Co-| cu
Manoja Weiss, Liaison Ball
Quinn Remund, Liais: 8all

CY19 20 21 22 23 24 25 % 27
KDP-B KDP-C KDP-D KDP-E KDP-F
ATP. A A
SRR PDR CDR SIR PSR FRR & ORR Investigation
N Z Launch Complete,
Phase A Phase B Phase C Phase D PhaseE PhaseF  Total
RY PI ‘1ss>:>n Cos| 3818 8957 63,855 9806 10,005 964 S|07 4[:4
v 8 33 5 0 5 5
3,849 |9 105 64448 15536 11,125 989
FY22 PiMission Cost 4,051 19932 64619 93(3 9081 825
serve, ° 8 1
Total Mission Cost 4,083 2009| 65 414 M 693 10,054

5
846
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We need global
carbon “weather”

Ten years ago we didn't have:

 An international political agreement to
address the carbon cycle (COP21)

« Carbon-observing satellite (OCO-2)

« Earth System Models (CMIP5)

« Biogeochemical-Argo floats (SOCCOM)

Now we have all
the pieces!

COP21- CMP11

PARIS 2015

UN CLIMATE CHANGE CONFERENCE
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V\/hat COmeS next

Build out global array of BGC-Argo floats.

GGet Zephyr up to calculate “carbon weather”.

Send the top 10 economies their monthly carbon “pill”
Save the planet (or at least the humans)!
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